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DISC HEAD SLIDERS HAVING SPECIALIZED CAVITY 
CONFIGURATIONS 

CROSS-REFERENCE TO RELATED APPLICATION 
5 This application is based on and claims the priority of earlier filed 

co-pending U.S. provisional application Serial Nos. 60/221,531, filed July 
28, 2000, entitled "AIR BEARING SLIDERS HAVING MULTI-CAVITY 
DEPTH," 60/223,907, filed August 9, 2000, entitled "AAB HAVING 
PROFILED CAVITY TO INCREASE CONTACT STIFFNESS AND 
10 CONTROL OF SUCTION CENTER MOVEMENT," and 60/232,474, filed 
September 13, 2000, entitled "PATTERNED AIR BEARING CAVITY." 

FIELD OF THE INVENTION 
The present invention relates to disc drive systems. More 
1 5 specifically, the present invention relates to disc head sliders within disc 
drive systems. 

BACKGROUND OF THE INVENTION 
In data processing systems, disc drives are often used as storage 
20 devices. Such drives use rigid discs, which are coated with a 

magnetizable medium for storage of digital information in a plurality of 
circular, concentric data tracks. The discs are mounted on a spindle 
motor, which causes the discs to spin and the surfaces of the discs to pass 
under respective hydrodynamic (e.g. air) bearing disc head sliders. The 
25 sliders carry transducers, which write information to and read 
information from the disc surfaces. 
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An actuator mechanism moves the sliders from track-to-track 
across the surfaces of the discs under control of electronic circuitry. The 
actuator mechanism includes a track accessing arm and a suspension for 
each head gimbal assembly. The suspension includes a load beam and a 
5 gimbal. The load beam provides a load force which forces the slider 
toward the disc surface. The gimbal is positioned between the slider and 
the load beam, or is integrated in the load beam, to provide a resilient 
connection that allows the slider to pitch and roll while following the 
topography of the disc, 
l o The slider includes a bearing surface, which faces the disc surface. 

As the disc rotates, the disc drags air under the slider and along the 
bearing surface in a direction approximately parallel to the tangential 
velocity of the disc. As the air passes beneath the bearing surface, air 
compression along the air flow path causes the air pressure between the 
1 5 disc and the bearing surface to increase, which creates a hy drodynamic 
lifting force that counteracts the load force and causes the slider to lift 
and fly above or in close proximity to the disc surface. 

One type of slider is a "self-loading" air bearing slider, which 
includes a leading taper (or stepped-taper), a pair of raised side rails, a 
20 cavity dam and a subambient pressure cavity. The leading taper is 
typically lapped or etched onto the end of the slider that is opposite to 
the recording head. The leading taper pressurizes the air as the air is 
dragged under the slider by the disc surface. An additional effect of the 
leading taper is that the pressure distribution under the slider has a first 
25 peak near the taper end or "leading edge" due to a high compression 
angle of the taper or step, and a second peak near the recording end or 
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"trailing edge" due to a low bearing clearance for efficient magnetic 
recording. This dual-peak pressure distribution results in a bearing with 
a relatively high pitch stiffness. 

The bearing clearance between the slider and the disc surface at 

5 the recording head is an important parameter to disc drive performance. 
As average flying heights continue to be reduced, these decreases in fly 
height can cause the contact frequency between disc and head to 
increase. For example, while demand for increasing disc drive recording 
density has resulted in drastic decreases in head-media spacing (HMS), 

l o manufacturing variation-induced HMS loss has been observed to be an 
increasing source of head/ media intermittent contact, especially at sub 
half-micro inch fly heights. Such intermittent contact can damage the 
head and/ or the disc surface, and can induce vibrations detrimental to 
the quality of head reading/ writing at such low fly heights. 

1 5 The sliders to which read/ write heads are attached typically 

possess three degrees of freedom (vertical motion, pitch rotation and roll 
rotation) associated with three applied forces, i.e., pre-load forces and air 
bearing suction and lift forces. Steady state fly attitude of the entire 
slider is achieved when these three forces balance each other. Desirably, 

20 the fluid bearing underneath the slider maintains a steady state position 
relative to the media and possesses intrinsic stiffness with respect to its 
three degrees of freedom, i.e., vertical stiffness, pitch stiffness and roll 
stiffness. Of large interest for HMS variation, contact stiffness is defined 
as a vectorial combination of slider pitch stiffness and slider vertical 

25 stiffness. Contact stiffness characterizes the vertical stiffness of the slider 
at the particular location of the pole tip. Contact stiffness is defined as: 
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Kz 

where Kp, Kz and b are respectively the slider pitch stiffness, slider 
vertical stiffness and distance between slider pivot point and pole tip. 
It has been shown that manufacturing variations, such as 
5 variation in pitch static attitude or in pre-load forces, impose undesirable 
variations on the slider in terms of flight attitude. Increasing pitch 
stiffness and vertical stiffness of the air bearing results in a larger 
resistance to these undesirable variations. Increasing stiffness is 
achieved by generating more suction and lift force per unit area. In other 
] o words, low manufacturing sensitivity can be achieved by increasing 
contact stiffness via increases in suction and lift forces. 

However, increased suction forces can cause the contact frequency 
between disc and head to increase during the performance of known 
loading and unloading processes. Load/ unload technology is a known 
15 alternative to contact start/ stop technology. In accordance with 
load/ unload technology, a ramp is positioned near the outer disc 
diameter for engaging the suspension to load and unload the slider to 
and from the disc surface. During the unload process, when disc 
rotation is powering down or gradually decreasing to a stop, the slider is 
20 rotated toward the outer disc diameter until the suspension engages the 
ramp, which lifts the suspension and the slider away from the disc 
surface. The slider is then "parked" on the ramp. In order to lift the 
slider to the ramp, the slider and associated suspension must overcome 
the suction force, which tends to pull the slider closer to the disc. 
25 Depending on the strength of the suction force, it is possible that the 
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slider, on occasion, might slap against the disc surface and cause 
undesirable head/ media contact during the unload process. Generally, 
as the suction force increases, the likelihood of this type of undesirable 
contact also increases. 

During the load process, when disc rotation is powering up or 
gradually accelerating to an operational speed, the slider is moved off 
the ramp and onto the disc. As the slider approaches the disc, a positive 
air bearing pressure is developed to cushion the slider. However, if this 
lifting force is developed slower than the suction force (in a negative 
pressure air bearing design), the slider will contact the disc, which can 
lead to severe disc/ media damage. Also, due to the inconsistencies 
associated with manufacturing tolerances, sliders with non-nominal 
pitch static attitude (PSA) and/or roll static attitude (RSA) exist. These 
unfavorable conditions increase the chances of slider contact with the 

disc during load/ unload processes. 

Suction force therefore plays an important role in load/ unload 

contact. While the likelihood of slider contact could be decreased or 

eliminated by decreasing the suction force, this suction force is needed to 

maintain high stiffness and low fly sensitivity. 

Sliders that provide a solution to this and other problems, and 

offer advantages over the prior art are therefore desired. 

SUMMARY OF THE INVENTION 
The present invention relates to data storage devices that include 
disc head sliders having sub-ambient pressure cavity configurations that 
address the above-mentioned problems. 
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One embodiment of the present invention pertains to a disc head 
slider having a slider body that includes a bearing surface, a cavity dam 
and a sub-ambient pressure cavity. The sub-ambient pressure cavity has 
a cavity floor, a plurality of sides and a depth that progressively varies 
5 between a point on one of the sides and a corresponding point on an 
opposing side. The cavity floor comprises a plurality of substantially flat 
bottom surfaces that are separated by at least one elevational change. 

Another embodiment of the present invention pertains to a disc 
head slider having a slider body that includes a bearing surface, a cavity 
l o dam and a sub-ambient pressure cavity. The sub-ambient pressure 

cavity has a cavity floor that includes at least three different depths. The 
cavity floor comprises a plurality of substantially flat bottom surfaces 
that are separated by at least one elevational change. 

Another embodiment of the present invention pertains to a disc 
15 head slider having a slider body that includes a bearing surface, a cavity 
dam and a sub-ambient pressure cavity. The sub-ambient pressure 
cavity has a cavity floor, a longitudinal axis and a plurality of sides. The 
sub-ambient pressure cavity also has a depth that progressively varies 
between a first point on one of the sides and a corresponding second 
20 point on an opposing side. The cavity floor has a tapered bottom surface 
and a line of maximum slope that is offset at an angle from the 

longitudinal axis. 

Another embodiment of the present invention pertains to a disc 
head slider that includes a slider body having a bearing-surface, a cavity 
25 dam and a sub-ambient pressure cavity. The sub-ambient pressure 
cavity has a plurality of sides, a cavity floor and a first depth. A 
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protruding pattern is disposed on the cavity floor and is disassociated 
from the plurality of sides. The protruding pattern has a second depth 
that is less than the first depth. 

Another embodiment of the present invention pertains to a disc 

5 head slider having a slider body that includes a bearing-surface, a cavity 
dam and a sub-ambient pressure cavity. The sub-ambient pressure 
cavity has a plurality of sides, a cavity floor and a first depth. A recessed 
pattern is disposed on the cavity floor and is disassociated from the 
plurality of sides. The recessed pattern has a bottom surface and a 

] o second depth. The second depth is greater than the first depth and 
sufficient to affect a pressure characteristic associated with the sub- 
ambient pressure cavity during operational motion of the disc head 
slider. 

These and various other features, as well as advantages that 
15 characterize the present invention, will be apparent upon a reading of 
the following detailed description and review of the associated 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 FIG. 1 is a top perspective view of a disc drive in which the 

present invention is useful. 

FIG. 2 is a bottom perspective view of a disc head slider. 
FIG. 3 is a bottom perspective view of a disc head slider. 
FIGS. 4 through 9 are graphs that illustrate a performance 
25 comparison between a slider having a single-depth cavity and a slider 
having a specialized cavity configuration. 
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FIG. 10 is a bottom perspective view of a disc head slider. 
FIG. 11 is a schematic plan view of a specialized slider cavity 
configuration. 

FIG. 12 is a schematic plan view of a specialized slider cavity 
configuration. 

FIG. 12-1 is a sectional side view taken along line 12-1 of an 
embodiment of the slider cavity illustrated in FIG. 12. 

FIG. 13 is a schematic plan view of a specialized slider cavity 
configuration. 

FIG. 14 is a schematic plan view of a specialized slider cavity 
configuration. 

FIG. 14-1 is a sectional view taken along line 14-1 of an 
embodiment of the slider cavity illustrated in FIG. 14. 

FIGS. 15 through 18 are graphs that illustrate a performance 
comparison between a slider having a single-depth cavity and a slider 
having a specialized cavity configuration. 

FIG. 19 is a schematic plan view of a specialized cavity 
configuration. 

FIG. 20 is a schematic plan view of a specialized cavity 
configuration. 

FIG. 21 is a schematic plan view of a specialized cavity 
configuration. 

FIGS. 22-24 are graphs that illustrate a performance comparison 
between a slider having a single-depth cavity and a slider having a 
specialized cavity configuration. 
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FIG. 25 is a graph that depicting a collection of illustrative depth 
measurements for a slider having a cavity that includes a configuration 
similar to FIGS. 14 and 14-1. 

5 DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

FIG1 is a perspective view of a disc drive 100 in which the present 
invention is useful. Disc drive 100 includes a housing with a base 102 
and a top cover (not shown). Disc drive 100 further includes a disc pack 
106, which is mounted on a spindle motor (not shown) by a disc clamp 

10 108. Disc pack 106 includes a plurality of individual discs 107, which are 
mounted for co-rotation about central axis 109. Each disc surface has an 
associated slider 110 which is mounted to disc drive 100 and carries a 
read/ write head for communication with the disc surface. The 
read/ write head can include any type of transducing head, such as an 

15 inductive head, a magneto-resistive head, an optical head or a magneto- 
optical head for example. 

In the example shown in FIG. 1, sliders 110 are supported by 
suspensions 112 which are in turn attached to track accessing arms 114 of an 
actuator 116. The actuator shown in FIG. 1 is of the type known as a rotary 

20 moving coil actuator and includes a voice coil motor (VCM), shown 
generally at 118. Voice coil motor 118 rotates actuator 116 with its attached 
sliders 110 about a pivot shaft 120 to position sliders 110 over a desired data 
track along a path 122 between a disc inner diameter 124 and a disc outer 
diameter 126. Voice coil motor 118 operates under control of internal 

25 circuitry 128. Other types of actuators can also be used, such as linear 
actuators. 
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During operation, as discs 107 rotate, the discs drag air under the 
respective sliders 110 and along their air bearing surfaces in a direction 
approximately parallel to the tangential velocity of the discs. As the air 
passes beneath the air bearing surfaces, air compression along the air flow 
path causes the air pressure between the discs and the air bearing surfaces 
to increase, which creates a hydrodynamic lifting force that counteracts the 
load force provided by suspensions 112 and causes the sliders 110 to lift 
and fly above or in close proximity to the disc surfaces. 

In accordance with an embodiment of the present invention, sliders 
110 include specialized features formed in a cavity portion of slider 
surfaces that face discs 107. Illustratively, some of these specialized 
features enable reductions in contact occurrences between each slider 110 
and an associated disc 107 during load/unload operations known in the 
art, while at the same time maintaining the benefits of suction force in 
sustaining a steady state fly attitude for each slider 110 during operational 
rotation of discs 107. In addition, some of the specialized features enhance 
the flight performance of sliders 110 by enabling improved insensitivity to 
manufacturing variations; increased control of suction force magnitude 
and suction center movement; and increased contact stiffness, pitch 
stiffness and/ or vertical stiffness. 

FIG. 2, in accordance with an embodiment of the present invention, 
is a perspective view of slider 110, as viewed from the surface of a disc, i.e., 
disc 107 (FIG. 1). The vertical dimensions are exaggerated in FIG. 2 for 
clarity. Slider 110 is formed of a substrate having a slider body 132 that 
includes a surface 134. Surface 134 includes an inside edge 136 and an 
outside edge 138. An inside rail 140 is disposed on and extends from 
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surface 134 proximate inside edge 136. An outside rail 142 is disposed on 
and extends from surface 134 proximate outside edge 138. Inside rail 140 
and outside rail 142 form respective bearing surfaces, illustratively air- 
bearing surfaces. A cavity dam 144 is disposed between inside rail 140 and 
outside rail 142. In one embodiment, cavity dam 144 is recessed from the 
bearing surfaces formed by rails 140 and 142 by a step depth of 01. microns 
to 0.3 microns, for example. 

A sub-ambient pressure cavity 146 is positioned between inside rail 
140, outside rail 142 and cavity dam 144. Sub-ambient pressure cavity 146 
has a plurality of sides 148 (an illustrative few have been labeled in FIG. 2) 
that bound the cavity along its perimeter. With regard to the FIG. 2 
embodiment and to other slider embodiments described below in relation 
to other Figures, it should be noted that at least one side 148 may be 
formed by an opening. For instance, in FIG. 2, openings 150 should also be 
considered sides 148 of cavity 146. In addition, while cavity 146 in FIG. 2 is 
depicted as having an octagon-like shape, other cavity 146 shapes (i.e., 
square, rectangular, triangular, etc.) having a variety of side 148 
configurations should be considered within the scope of the present 
invention. This also holds true for other slider embodiments described 
below. 

Cavity 146 has a cavity floor 135, which is recessed from the bearing 
surfaces (formed by rails 140 and 142) by a cavity depth 152 that is greater 
than the step depth. Cavity floor 135 has surfaces 151 and 153 which are 
separated from one another by an elevational step or change 155. 
Illustratively, surfaces 151 and 153 are substantially flat or planar. Step 155 
can be a substantially vertical step as shown in FIG. 2, or can be contoured 
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in other embodiments. In the embodiment shown in FIG. 2, cavity floor 
135 has only one step 155. However, cavity floor 135 can have any number 
of steps 155 that progressively vary the cavity depth. Depth 152 
progressively varies (e.g., progressively decreases) between a point 154 on 

5 one of sides 148 and a corresponding point 156 on an opposing (i.e., 

directly across cavity 146) side 148. Cavity 146 also includes a longitudinal 
axis 158. Bottom surface 151 is positioned substantially on one side of axis 
158 and bottom surface 153 is positioned substantially on the other side of 
the longitudinal axis. It should be noted that disc head slider 110 (as well 

10 as the other slider embodiments described below) will also typically 

include a read/ write transducer (not shown) positioned in one of a variety 
of potential locations on slider body 132. The precise location of the 
transducer is not critical to the present invention. 

It should be noted that while Fig. 2 depicts bottom surface 151 as 

1 5 having a depth that is more shallow than the depth of bottom surface 153, 
this relationship could just as easily be switched such that the depth of 
surface 151 is deeper than the depth of surface 153. Illustratively, either 
way, depth 152 will still progressively vary between point 154 and point 
156 (and other pairs of corresponding points along sides 148). 

20 Also, in other embodiments of the present invention, cavity floor 

135 can have additional flat cavity surfaces, in addition to surfaces 151 and 
153, wherein all of the flat surfaces are separated by at least one elevational 
step or change. In one embodiment (not shown), there are multiple and an 
equal number of bottom surfaces on either side of longitudinal axis 158. In j 

25 another embodiment, regardless of the quantity or positioning of cavity j 

surfaces, depth 152 progressively varies between a first point on a side 148 j 

-i 
i 
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and a corresponding second point on an opposing side 148, the first and 
second points not necessarily being positioned in locations identical to the 
illustrated points 154/156. In yet another embodiment, at least three 
bottom surfaces are positioned so as to have at least three different depth 
5 152 measurements (i.e., at least three bottom surfaces each having a unique 
depth 152). In accordance with one embodiment, multiple cavity bottom 
surfaces are positioned so as to have at least three different depth 152 
measurements, wherein the overall depth 152 does not, in any instance, 
progressively vary between any point on a side 148 and any corresponding 
10 second point on an opposing (i.e., directly across cavity 146) side 148. For 
example, the cavity surfaces might be arranged such that the only variation 
of depth 152, between a point on a side 148 and a corresponding second 
point on an opposing side, is variation from a first depth, to a second 
depth, and back to the first depth. Finally, while elevational step 155 is 
15 depicted in FIG. 2 as being substantially parallel to longitudinal axis 158, 
incorporated elevational steps could just as easily be positioned offset from 
or at an angle to the longitudinal axis. 

FIG. 3 is a perspective view of a disc head slider 160, as viewed from 
the disc surface, in accordance with another embodiment of the present 
20 invention. The vertical dimensions are exaggerated in FIG. 3 for clarity. 
The same reference numbers are used in FIG. 3 for elements that are the 
same or similar to those elements illustrated and labeled in FIG. 2. Slider 
160 includes a sub-ambient pressure cavity 162 having a cavity floor 164. 
Cavity floor 164 includes a bottom surface 166 and a bottom surface 168 
25 that are separated from one another by an elevational step 170. Cavity 162 
also includes a plurality of sides 148 (a representative few have been 
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labeled) that bound the cavity along its perimeter. A depth 152 
progressively varies (i.e., progressively decreases) between a point 172 on 
one of sides 148 and a corresponding point 174 on an opposing (i.e., 
directly across cavity 162) side 148. Depth 152 is measured from one of the 
5 bearing surfaces (i.e., rail 140 or rail 142) to a plane level with a bottom 
surface (i.e., surface 166 or 168). Sub-ambient pressure cavity 162 includes 
a transversal axis 176. 

Slider 160 includes a positioning of bottom surface 166 that is 
substantially on one side of transversal axis 176, and a positioning of 
10 bottom surface 168 that is substantially on the other side of the transversal 
axis. It should be noted that while Fig. 3 depicts bottom surface 166 as 
having a depth that is more shallow than the depth of bottom surface 168, 
this relationship could just as easily be switched such that the depth of 
surface 166 is deeper than the depth of surface 168. Either way, depth 152 
1 5 will still, illustratively, progressively vary between point 172 and point 174 
(and other pairs of corresponding points along sides 148). 

Still referring to FIG. 3, in accordance with one embodiment, other 
substantially flat bottom surfaces, in addition to surfaces 166 and 168, are 
disposed within cavity 162 such that all bottom surfaces are separated by 
20 at least one elevational step or change. In one embodiment, there are an 
equal number of bottom surfaces on either side of transversal axis 176. In 
another embodiment, regardless of the quantity or positioning of bottom 
surfaces, depth 152 progressively varies between a first point on a side 148 
and a corresponding second point on an opposing side 148, the first and 
25 second points not necessarily being positioned in locations identical to the 
illustrated points 172/174. In yet another embodiment, at least three 
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bottom surfaces are positioned so as to have at least three different depth 
152 measurements (i.e., at least three bottom surfaces each having a unique 
depth 152). Also, while elevational step 170 is depicted in FIG. 3 as being 
substantially parallel to transversal axis 176, incorporated elevational steps 
5 could just as easily be positioned offset at an angle to the transversal axis. 
Such steps could also be contoured, rather than the illustrated flat 
configuration. 

Other embodiments of the present invention include those with 
more than one separate cavity, each individual cavity having a different 

10 depth and/ or shape. Illustratively, each individual cavity could include 
multiple depths and could include multiple substantially flat-topped 
bottom surfaces. The multiple bottom surfaces within each individual 
cavity could be separated by at least one elevational step and could have 
any of the configurations described above in relation to previously 

1 5 described cavity embodiments. 

In accordance with an embodiment of the present invention, the 
quantity, depth, shape and positioning of bottom surfaces within a sub- 
ambient pressure cavity can be selected based on a particular slider or 
slider application to produce various desired performance-related 

20 outcomes. Illustratively, different desired outcomes might include 
different slider/ disc contact results, improved insensitivity to slider 
manufacture variations, and/ or different control features for suction force 
magnitude and suction center movement. In accordance with one 
embodiment, cavity features are selected to enable reductions in 

25 slider/ disc contact during load/unload processes, while at the same time 



STL 9815 



-16- 

maintaining the benefits of suction force in sustaining a steady state slider 
fly attitude during standard operational rotation of an associated disc. 

FIG. 4 is a graph illustrating a contact window for a regular air- 
bearing slider (i.e., single depth cavity). The graph plots pitch static angle 

5 (PSA) 178 (in degrees) versus roll static angle (RSA) 180 (also in degrees). 
Within the graph, the dots represent no load contact for the specific 
PSA/ RSA conditions. The V marks represent contact with the disc 
surface. FIG. 5 is a graph illustrating a contact window for slider 110 (FIG. 
2), which has a two-depth cavity. The FIG. 5 graph plots the same units 

] o against each other and in a similar manner as the graph in FIG. 4. These 
two graphs (FIGS. 4 and 5) show that the two-depth cavity design 
demonstrates an improved no contact window, especially in negative RSA 
regions. 

FIG. 6 is a graph illustrating "contact energy" for a regular air- 
1 5 bearing slider that is similar to slider 110 in FIG. 2 but includes a single 
depth cavity. The graph plots the same units against each other as the 
previously described graphs. Contact energy is a measurement of overall 
contact impact and is defined as contact force multiplied by time. A big 
dot on the FIG. 6 graph represents severe impact and a small dot 
20 represents less severe impact FIG. 7 is a graph illustrating contact energy 
for slider 110 (FIG. 2), which includes a two-depth cavity. The FIG. 7 graph 
plots the same units against each other and in a similar manner as the FIG. 
6 graph. These two graphs (FIGS. 6 and 7) show that the two-depth cavity 
design demonstrates impact reductions, as compared to a regular slider. 
25 In order to explain the two-depth cavity outcomes, a PSA of 1.0 

degree and RSA of -0.5 degrees is taken as an example for illustration. 
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Under those conditions, FIG. 8 is a plot of normalized x coordinates 182 
(along slider length direction or along longitudinal axis) of suction force 
center versus time increments 184 (measured in seconds) during a loading 
portion of a load/unload process. A top portion 186 of the FIG. 8 graph 
5 generally corresponds to the end of the slider that includes a cavity dam 
(leading end). A bottom portion 188 of the FIG. 8 graph generally 
corresponds to the end of the slider opposite the cavity dam (trailing end). 
The solid line on the graph represents the regular design and the dotted 
line represents the two-depth cavity design. 
10 FIG. 9 is a plot of normalized y coordinates 190 (along slider width 

direction or along transversal axis) of suction force center versus time 
increments 184 during the load process. A top portion 192 of the FIG. 9 
graph generally corresponds to the outside rail (OR) portion of the slider. 
A bottom portion 194 of the FIG. 9 graph generally corresponds to the 
15 inside rail (IR) portion of the slider. Again, the solid line represents the 
regular design and the dotted line represents the two-depth cavity design. 

The FIG. 8 graph shows that the suction center in the length 
direction for both a single depth cavity design and a two-depth cavity 
slider design moves similarly with time. However, the FIG. 9 graph shows 
20 that suction center in the width direction moves quite differently for the 
two-depth cavity design. For example, when the slider is loaded with -0.5 
degrees of RSA, the outside rail (OR) is closer to the disc during a load 
approach to the disc. FIG. 9 shows that the single cavity depth slider 
develops the suction force near the OR. This pulls the slider down towards 
25 the disc even further and eventually will result in slider/ disc contact. But 
for the two-depth cavity design, the suction force is first developed near 
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the inside rail (IR). The deeper cavity near the IR (see FIG. 2) creates less 
air density and provides more suction force during the initial loading 
process. The torque generated at the IR will balance the downward motion 
of the OR to some degree. This illustratively reduces the roll angle and 
5 helps develop a positive pressure force, and ultimately reduces or prevents 
slider/disc contact. The multi-depth cavity plays an important role in 
varying sub-ambient pressure during a loading portion of a load/ unload 
process. 

The principles illustrated by FIGS. 4-9 demonstrate but one example 

10 of a wide range of potential benefits and outcomes obtainable by the wide 
range of embodiments of the present invention. It should again be 
emphasized that the most appropriate and effective embodiment of the 
present invention is application-dependent and dependent upon a broad 
range of potential performance characteristics. 

15 FIG. 10, in accordance with another embodiment of the present 

invention, is a bottom perspective view of a disc head slider 196. The 
vertical dimensions are exaggerated in FIG. 10 for clarity. The same 
reference numbers are used in FIG. 10 for elements that are the same or 
similar to those elements illustrated and labeled in previously described 

20 embodiments. 

Slider 174 includes a cavity floor 198 having a bottom surface 200 
and a bottom surface 202 that are disposed within a sub-ambient pressure 
cavity 204 and are separated from one another by an elevational step 206. 
In accordance with one embodiment, surfaces 200 and 202 are substantially 

25 flat. Cavity 204 illustratively includes a plurality of sides 148 (a 

representative few have been labeled) and a depth 152 that progressively 
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varies (i.e., progressively decreases) between a point 208 on one of sides 
148 and a corresponding point 210 on an opposing (i.e., directly across 
cavity 204) side 148. The depth is measured from one of the bearing 
surfaces (i.e., rail 140 or rail 142) to a plane level with a bottom surface (i.e., 
5 surface 200 or 202). 

In contrast to previously described slider embodiments, slider 196 
includes a corner piece 212 formed within cavity 204 by surface 200 and 
elevational step 206. While comer piece 212 is depicted in one particular 
corner of cavity 204, it is within the scope of the present invention that 
10 corner pieces similar to corner piece 212 be formed in any or all of an 
illustrative four corners of the cavity. Such comer pieces could 
illustratively have different individual depth 152 values or similar 
individual depth 152 values. In accordance with an embodiment of the 
present invention, the quantity, positioning, depth and shape of the corner 
15 pieces are selected to produce slider performance characteristics that are 
desired for a particular disc head slider application. Illustratively, multiple 
comer pieces having different shapes and forming different bottom 
surfaces could be incorporated into a cavity 204. 

In accordance with one embodiment, regardless of the quantity or 
20 positioning of comer pieces similar to corner piece 212, depth 152 
progressively varies between a first point on a side 148 and a 
corresponding second point on an opposing side 148, the first and second 
points not necessarily being positioned in locations identical to the 
illustrated points 208/210. In accordance with another embodiment, at 
25 least two corner pieces similar to comer piece 212 are disposed within 

cavity 204, and each comer piece has a unique depth. Finally, while corner 
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piece 212 is depicted in FIG. 10 with an elevational step 206 that protrudes 
out to an area near the center of cavity 204, it should be understood that 
step 206 could be otherwise configured so as to change the shape of corner 
piece 212. 

5 FIGS. 11-14 are schematic top plan view representations of 

specialized sub-ambient pressure cavity configurations in accordance with 
further embodiments of the present invention. The same reference 
numbers are used in FIGS. 11-14 for elements that are the same or similar 
to those elements illustrated and labeled in previously described 

10 embodiments. It should be emphasized that FIGS. 11-14 are schematic in 
nature. For example, in each of these Figures, the cavity is depicted as 
having four sides 214 that provide an illustrative rectangular cavity shape. 
The depicted specialized cavity configurations, to be described below, 
however, could just as easily be applied within cavities having other 

15 shapes, such as within the octagonally shaped cavities depicted in relation 
to previously described embodiments. The shape changes required to 
accommodate different cavity shapes should be an assumed feature of the 
illustrated and described schematic designs. 

FIG. 11 depicts a sub-ambient pressure cavity 216 having a 

20 longitudinal axis 158 and a transversal axis 176, a cavity leading end 218 
(closer to the leading end of the slider) and a cavity trailing end 220 (closer 
to the trailing end of the slider). Cavity 216 includes a cavity floor 222 
having four bottom surfaces, namely surfaces 224, 226, 226 and 230. 
Although not directly labeled in the Figure, it is assumed that cavity 216, 

25 and each of the four individual bottom surfaces, includes a depth 152 
measured from a plane level with at least one bearing surface associated 
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with cavity 216 to an illustratively fiat top portion of each of bottom 
surfaces 224, 226, 228 and 230. In accordance with one embodiment, depth 
152 of cavity 216 progressively varies between a first point on one of sides 
214 to a corresponding second point on an opposing (i.e., directly across 
5 cavity 216) side 214. 

Bottom surfaces 224 and 228 are substantially positioned on one 
side of longitudinal axis 158 and bottom surfaces 226 and 230 are 
substantially positioned on the other side of the axis. Similarly, bottom 
surfaces 224 and 226 are substantially positioned on one side of transversal 
10 axis 176 and bottom surfaces 228 and 230 are substantially positioned on 
the other side of the axis. Illustratively, some or none of the bottom 
surfaces may have matching shapes (and they need not necessarily be 
square) or have matching depths. 

In accordance with one embodiment of the present invention, 
1 5 bottom surfaces 224 and 226 are positioned on one side of transversal axis 
176 and bottom surfaces 228 and 230 are positioned on the other side of the 
axis. In addition, bottom surfaces 224 and 228 are positioned on one side 
of longitudinal axis 158 and bottom surfaces 226 and 230 are positioned on 
the other side of the axis. In a first version of this embodiment, each of the 
20 four bottom surfaces includes a unique depth 152 value. In accordance 
with another embodiment, no two bottom surfaces on either side of 
transversal axis 176 or longitudinal axis 158 have the same depth 152 value, 
but at least two of the four bottom surfaces have the same depth 152 value 
(i.e., surfaces 224 and 230 have a first depth 152 value and surfaces 226 and 
25 228 have a second depth 152 value). 
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FIG. 12 depicts a sub-ambient pressure cavity 232 having a 
longitudinal axis 158 and a transversal axis 176, a cavity leading end 218 
and a cavity trailing end 220. A cavity floor 234 includes four bottom 
surfaces, namely surfaces 236, 238, 240 and 242. Although not directly 
labeled in the Figure, it is assumed that cavity 232, and each of the four 
individual bottom surfaces, includes a depth 152 measured from a plane 
level with a bearing surface associated with cavity 232 to an illustratively 
flat top portion of each of bottom surfaces 236, 238, 240 and 242. In 
accordance with one embodiment, some or none of the bottom surfaces 
may have matching shapes (i.e., they need not necessarily be identically 
shaped rectangles) or matching depths. In accordance with one 
embodiment, elevational steps 244 are disposed between the steps and 
may be curved or irregular, rather than straight (e.g., a series of curved 
terraces) and can be contoured. Finally, while four bottom surfaces are 
depicted in FIG. 12, more or less could be actually incorporated without 
departing from the scope of the present invention. 

Bottom surfaces 236, 238, 240 and 242 are longitudinally extending 
surfaces (extending along longitudinal axis 158) that are separated from 
one another by an elevational step 244. Illustratively, the depth of cavity 
232 progressively varies between a first point 246 on one of sides 214 to a 
corresponding second point 248 on an opposing (i.e., directly across cavity 
232) side 214. For example, bottom surface 242 has a shallower depth than 
bottom surface 236. This embodiment is clearly depicted in FIG. 12-1, 
which is a sectional view taken along line 12-1 in FIG. 12. In accordance 
with another embodiment, however, bottom surface 242 has a deeper 
depth than bottom surface 236. Illustratively, in both of these 
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embodiments, the overall depth of cavity 232 progressively varies from a 
point on one of sides 214 to a corresponding second point on an opposing 
side 214 (i.e., progressively varies from point 246 to point 248). 

FIG. 13 depicts a sub-ambient pressure cavity 250 having a 

5 longitudinal axis 158 and a transversal axis 176. A cavity floor 252 includes 
four bottom surfaces, namely surfaces 254, 256, 258 and 260. Although not 
directly labeled in the Figure, it is assumed that cavity 250, and each of the 
four individual bottom surfaces, includes a depth 152 measured from a 
plane level with a bearing surface associated with cavity 250 to an 

10 illustratively flat top portion of each of bottom surfaces 254, 256, 258 and 
260. In accordance with one embodiment, some or none of the bottom 
surfaces may have matching shapes (i.e., they need not necessarily be 
identically shaped rectangles) or matching depths. In accordance with one 
embodiment, elevational steps 262 may be curved or irregular, rather than 

15 straight (i.e., a series of curved terraces). Finally, while four bottom 
surfaces are depicted in FIG. 13, more or less could be actually 
incorporated without departing from the scope of the present invention. 

Bottom surfaces 254, 256, 258 and 260 are transversely extending 
surfaces (extending along transversal axis 176) that are separated from one 

20 another by an elevational step 262. Illustratively, the depth of cavity 250 
progressively varies between a first point 264 on one of sides 214 to a 
corresponding second point 266 on an opposing (i.e., directly across cavity 
250) side 214. 

In accordance with one embodiment, bottom surface 254 has a 
25 shallower depth than bottom surface 260. In accordance with another 

embodiment, however, bottom surface 254 has a deeper depth than bottom 
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surface 260. Illustratively, in both of these embodiments, the overall depth 
of cavity 250 progressively varies from a point on one of sides 214 to a 
corresponding second point on an opposing side 214 (i.e., progressively 
varies from point 264 to point 266). 

FIG. 14 depicts a sub-ambient pressure cavity 268 having a 
longitudinal axis 158, an outside side 270 (closest to outside rail portion of 
a slider) and an inside side 272 (closest to inside rail portion of a slider). A 
cavity floor 274 includes a tapered bottom surface 276. Although not 
directly labeled in the Figure, it is assumed that cavity 268 includes a depth 
152 measured from a plane level with a bearing surface associated with 
cavity 268 to tapered bottom surface 276. In accordance with one 
embodiment, the depth of cavity 268 is most shallow proximate outside 
side 270 and progressively gets deeper until reaching the deepest depth 
proximate inside side 272. The surface progressively changes from a first 
point 271 on a side 214 to a corresponding (i.e., located directly across 
cavity 268) point 273 on an opposing side 214. This embodiment is clearly 
depicted in FIG. 14-1, which is a sectional view taken along line 14-1 in 
FIG. 14. In accordance with one embodiment, tapered surface 276 is 
oppositely formed such that the deepest and shallowest depths of cavity 
268 are switched. 

Illustratively, tapered bottom surface 276 includes a line of 
maximum slope 278 that follows and points in the direction of the 
maximum slope of the tapered surface. Line 278 is illustratively offset 
from longitudinal axis 158 at an angle 280. In accordance with one 
embodiment, a stepped slope surface similar to those described in relation 
to FIGS. 12 and 13 could be substituted for tapered surface 276 and still 
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have a maximum line of slope 278 that is offset from longitudinal axis 158. 
It should be noted that the deepest and shallowest portions of cavity 268 
can be switched without departing from the scope of the present invention. 

FIGS. 14 and 14-1 illustratively include line 278 that follows the 
slope of surface 276 and is offset from longitudinal axis 158 at an angle 280 
of approximately 90 degrees (approximately perpendicularly situated). In 
accordance with another embodiment, tapered surface 276 is tapered such 
that line of maximum slope 278 is offset from longitudinal axis 158 at an 
angle 280 of approximately 45 degrees (i.e., tapered from corner to comer 
with either comer being having the deepest or shallowest depth). A 
stepped bottom surface could illustratively be substituted for tapered 
surface 276 without departing from the spirit of this embodiment of the 
present invention. Also, angles 280 other than 45 degrees and 90 degrees 
for maximum line of slope 278 should be considered within the scope of 
the present invention. 

It should again be emphasized that, in accordance with an 
embodiment of the present invention, any of the disclosed bottom surface 
features can be formed within sub-ambient pressure cavities and can be 
selected based on a particular slider or slider application to produce 
various desired slider performance-related outcomes. Illustratively, 
particular bottom surface features can be selected to intentionally minimize 
manufacturing variation-induced undesirable losses in head media 
spacing, thereby reducing the likelihood of associated undesirable 
mechanical and electrical performance outcomes. 

While all of the embodiments disclosed herein are within the scope 
of the present invention, there are at least two reasons why a cavity 
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embodiment with a shallower portion proximate the leading edge of a 
slider and a deeper portion proximate the trailing edge of a slider might be 
particularly beneficial. First, this configuration produces a higher suction 
force at the trailing edge of the cavity, as compared to the suction force 

5 produced at the leading edge (therefore having the global suction center 
biased towards the trailing edge, or closer to the pole tip). Second, the 
configuration still utilizes the entire air bearing real estate to generate as 
much suction and lift force as possible given the limited about of slider 
surface area. To compensate for larger suction, larger lift could 

1 0 illustratively also be generated by designing the air bearing surface, for 
example, to include trenches that will produce more lift force per unit area 
than continuous open rails. 

Accordingly, a tapered cavity (shallower portion proximate leading 
edge) illustratively yields a larger suction/lift and pitch stiffness, vertical 

15 stiffness, and contact stiffness than a similar single-depth cavity. For 
example, a tapered (or multi-level tapered) cavity (shallower portion 
proximate leading edge) will produce more than 70 mg/nm as compared 
to 57 mg/ nm for the corresponding single level cavity. This result 
translates into lower manufacturing sensitivity for the tapered or multi- 

20 level cavity. Table 1 below illustrates fly attitude, suction force and 
stiffness levels for a single level cavity, as compared to a tapered and 
multi-level tapered cavity. 

TABLE 1 

25 





Single 


Tapered 


Multi- 




Level 


Cavity 


Level 




Cavity 




Cavity 
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PTFH (nm) 


10.25 


10.09 


10.23 


Pitch (urad) 


229 


225 


230 


Roll (urad) 


-0.7 


2.5 


0.51 


Suction (gmf) 


2.78 


4.0 


3.90 


Kz (gmf/nm) 


0.09 


0.168 


0.164 


Kp (uN.M/urad) 


0.20 


0.49 


0.49 


Kc (mg/nm) 


57.6 


70.9 


70.2 



The present invention also contemplates an approach to reducing 
potential contacts between a loading/ unloading slider and a 

5 corresponding disc surface. The specialized cavity features of the present 
invention are illustratively capable of providing variable suction force 
during loading and unloading for sliders with different PSA and RSA. 
Illustratively, an opposite movement of suction center in a width direction 
(or length direction) can offset the negative pressure developed under 

10 different RSA or PSA conditions. Illustratively, this can provide enough 
torque to prevent or reduce slider contact. 

While all of the embodiments disclosed herein are within the scope 
of the present invention, there is support for the notion that a cavity 
embodiment similar to the embodiment actually depicted in FIGS. 14 and 

15 14-1 (with a deeper portion proximate the inside rail of a slider and a 
shallower portion proximate the outside rail of a slider) might be 
particularly beneficial. Illustratively, a cavity profiled in the depicted 
manner can effectively switch the center of suction force during loading 
under RSA conditions. The switch helps provide opposite torque to 

20 counteract the torque induced by RSA and thus enables an avoidance or 
reduction of slider/ disc contact during loading. FIG. 25, which is 
described in greater detail below, is a graph that depicting a collection of 
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illustrative depth measurements for a slider having a cavity that includes 
a configuration similar to FIGS. 14 and 14-1. 

FIG. 15 is a graph illustrating a contact window for a regular air- 
bearing slider (i.e., single depth cavity). The graph plots PSA 178 versus 

5 RSA 180 (both in units of degrees). Within the graph, the dots represent no 
load contact for the specific PSA/RSA conditions. The "x" marks represent 
contact with the disc surface. FIG. 16 is a graph illustrating a contact 
window or a slider having a profiled cavity tapered from one rail side to 
the other, similar to the slider illustrated in FIGS. 14 and 14-1. The FIG. 16 

10 graph plots the same units against each other and in a similar manner as 
the graph in FIG. 15. These two graphs (FIGS. 15 and 16) show that the 
profiled cavity design demonstrates an improved no contact window. 

FIG. 17 is a graph illustrating "contact energy" for a regular air- 
bearing slider (i.e., single depth cavity). The graph plots the same units 

1 5 against each other as the graphs in FIGS. 15 and 16. Contact energy is 
illustratively a measurement of overall contact impact and is defined as 
contact force multiplied by time. A big dot on the FIG. 17 graph represents 
severe impact and a small dot represents less severe impact. FIG. 18 is a 
graph illustrating contact energy for a slider having a profiled cavity 

20 tapered from one rail side to the other, similar to the slider illustrated in 
FIGS. 14 and 14-1. The FIG. 18 graph plots the same units against each 
other and in a similar manner as the FIG. 17 graph. These two graphs 
(FIGS. 17 and 18) show that the profiled cavity design demonstrates impact 
reductions, as compared to a regular slider. 

25 Table 1 (above) and FIGS. 15-18 demonstrate but a few examples of 

a wide range of potential benefits and outcomes obtainable by a few of the 
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many embodiments of the present invention. It should again be 
emphasized that the most appropriate and effective embodiment of the 
present invention is application-dependent and dependent upon a broad 
range of potential performance characteristics. While the specific potential 

5 benefits of every embodiment are not presently discussed, the benefits can 
illustratively be inferred based on the specific potential benefits that are 
presently discussed. 

In accordance with another embodiment of the present invention, 
another way to improve load/ unload characteristics of an air-bearing 

10 slider is to pattern, texture, or otherwise shape the bottom surface of the 
cavity floor associated with that slider. When a slider is in motion (either 
across the disc or on/ off the disc) the location of the center of suction with 
respect to the cavity is in motion. This motion of the center of suction 
couples with the inertia of the slider acting as a forcing function. 

15 Patterning, texturing or otherwise shaping the bottom surface of the cavity 
can illustratively dampen this forcing. 

In the case of a slider having a smooth, flat cavity bottom surface, 
during load/ unload processes, an air bearing slider oscillates in a manner 
that resembles a system of mass+spring+damper. The damping of the 

20 system may be increased by texturing or patterning the cavity at the 

approximate location of the center of suction. This illustratively produces 
noticeable improvement in the performance of load/ unload functions. 

FIGS. 19-21, in accordance with embodiments of the present 
invention, are schematic plan views of disc head sliders, as viewed from a 

25 disc surface. The same references numbers are used in FIGS. 19-21 for 
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elements that are the same or similar to those elements illustrated and 
labeled in previously described embodiments. 

FIG. 19 illustratively depicts a slider 282 that includes rail 140, rail 
142 and cavity dam 144 with sub-ambient pressure cavity 284 positioned 
there between. In accordance with an embodiment of the present 
invention, a cross-like shape 286 is positioned on a bottom surface or cavity 
floor 288. Illustratively, cross-like shape 286 may be either shallower or 
deeper than surface 288. The pattern could illustratively be generally 
located at or near a center of suction associated with cavity 284, however, it 
should be noted that the location of center of suction generally varies 
during operation, depending on a wide range of factors. For an 
embodiment where shape 286 is deeper than surface 288, the shape may 
illustratively be generated using an additional pass through a 
photo/ milling system. In accordance with one embodiment, shape 286 is 
only a few micron in width, therefore not affecting the steady state flight 
performance of slider 282 during operation of an associated disc drive. In 
accordance with one embodiment, the pattern is disposed upon a cavity 
floor having bottom surfaces consistent with any of the above-described 
specialized cavity configurations. 

Illustratively, cross-like shape 286 improves load/ unload 
performance characteristics of slider 282 by damping out the amplitude of 
the center of suction due to expansion and compression waves caused by 
the change in height field between the cavity and the pattern. FIG. 22 is a 
graph illustrating "contact energy" for a regular air-bearing slider (i.e., 
single depth cavity). The graph plots PSA 178 versus RSA 180. The nature 
of contact energy and the nature of the FIG. 22 graph is discussed above in 
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relation to previously described embodiments (i.e., in relation to FIG. 6). A 
big dot on the FIG. 22 graph represents severe slider/media impact and a 
small dot represents less severe impact. FIG. 23 is a graph illustrating 
contact energy for a slider having a cross-like shape 286 disposed on a 

5 cavity bottom surface and having a shallower depth than the bottom 

surface. The FIG. 23 graph plots the same units against each other and in a 
similar manner as the FIG. 22 graph. FIG. 24 is a graph illustrating contact 
energy for a slider having a cross-like shape 286 disposed on a cavity 
bottom surface and having a deeper depth than the bottom surface. The 

10 FIG. 24 graph plots the same units against each other and in a similar 

manner as the FIG. 22 graph. The graphs in FIGS. 22, 23 and 24 show that 
sliders having a cavity with a cross-like shape 286 demonstrate better 
overall performance than a regular non-patterned slider. 

While FIGS. 19, 23 and 24 are associated with cross-like shape 286, 

15 the optimal pattern or shape may differ significantly from that particular 
pattern. Other patterns or shapes should be considered within the scope of 
the present invention. In accordance with another embodiment of the 
present invention, FIG. 20 illustrates a slider 290 having a cavity 292 that is 
similar to cavity 284 of slider 282, but instead includes a square pattern 294 

20 disposed on bottom surface or cavity floor 296. Again, pattern 294 could 
illustratively be deeper or shallower than bottom surface 296. In 
accordance with another embodiment, FIG. 21 illustrates a slider 298 
having a cavity 300 that is similar to cavity 292 of slider 290 but instead 
includes a one-sided circle pattern 302 disposed on bottom surface or 

25 cavity floor 304. Again, pattern 302 could illustratively be deeper or 
shallower than bottom surface 304. Illustratively, the precise shape and 
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location of a pattern or shape utilized in accordance with embodiments of 
the present invention is application dependent and dependent upon a 
broad range of potential performance characteristics that might be 
desirable depending on the particular circumstances. In accordance with 
5 one embodiment, the pattern or shapes could be positioned so as to affect 
suction force characteristics associated with the sub-ambient pressure 
cavity, as described above in relation to previously described 
embodiments. 

For embodiments of the present invention wherein a pattern is 

10 disposed on a cavity floor or bottom surface and has a deeper depth than 
the depth of the bottom surface or cavity floor, the difference between the 
bottom surface depth and the pattern depth could illustratively be as small 
as 2 microns. The width of an incorporated patter could illustratively be 
anywhere between 2.5 microns and 25 microns in width, depending on the 

15 nature and design of the incorporated pattern. 

For embodiments of the present invention wherein a pattern is 
disposed on a cavity floor or bottom surface and has a depth that is 
shallower than the depth of the bottom surface or cavity floor, the depth of 
the raised (column-like) pattern could illustratively extend to a depth 

20 anywhere between the surface upon which the pattern is disposed and a 
plane that extends even with an associated bearing surface. In accordance 
with other embodiments, the pattern extends no further than any air 
bearing rail or no more than 2 microns. In accordance with one 
embodiment, raised (column-like) patterns that extend far enough away 

25 from the cavity bottom surface (or cavity floor) that contact with a disc 
surface becomes a risk, a cap comprising a physically lubricating material 
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can be applied to the top or disc-facing surface of the pattern. 
Illustratively, such a cap could be constructed of diamond-like carbon 
(DLC), however, other similar materials could just as easily perform the 
same function. 

5 It should be noted that listed measurements are intended to be 

illustrative only and that patterns having measurements other than those 
specifically listed should still be considered within the scope of the present 
invention. Also, it should be noted that any of the above described 
patterns could illustratively be positioned on a cavity floor so as to be 

10 generally in the center of the cavity floor (similar to FIGS. 19 and 20), or 
generally proximate to a leading side (closest to leading end of slider), 
trailing side (closest to trailing end of slider), outside side (similar to FIG. 
21 or closest to outside rail of slider) or inside side (closest to inside rail of 
slider) of the sub-ambient pressure cavity. 

15 FIG. 25 is a graph that depicting a collection of illustrative depth 

measurements for a slider having a cavity that includes a configuration 
similar to FIGS. 14 and 14-1. The graph plots depth 306 and length 308 
(both in units of jum). Length 308 illustratively follows a corresponding 
length of a slider body and a pair of slider rails illustratively correspond 

20 to the two locations in the graph where the depth is 0 jam. A slider 
cavity illustratively has depth values between the two 0-value rail 
depths. The cavity decreases across the length of the cavity from an 
approximate -1.8 |im proximate an outside rail side 312 of the graph to 
an approximate -3 jam proximate an inside rail side 310 of the graph. 

25 This configuration is but one example of a collection of depths for a 
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slider having a cavity similar to that illustrated and described in relation 
to FIGS. 14 and 14-1. 

In summary, one embodiment of the present invention pertains to 
a disc head slider (110, 160, 196) having a slider body (132) that includes 

5 a bearing surface (140, 142), a cavity dam (144) and a sub-ambient 
pressure cavity (146, 162, 204, 216, 232, 250), the sub-ambient pressure 
cavity (146, 162, 204, 216, 232, 250) having a cavity floor (135, 164, 198, 
222, 234, 252), a plurality of sides (148, 214) and a depth (152) that 
progressively varies between a point (154, 172, 208, 246, 264) on one of 

10 the sides and a corresponding point (156, 174, 210, 248, 266) on an 

opposing side, and wherein the cavity floor (135, 164, 198, 222, 234, 252) 
comprises a plurality of substantially flat bottom surfaces (151, 153, 166, 
168, 200, 202, 224, 226, 228, 230, 236, 238, 240, 242, 254, 256, 258, 260) 
separated by at least one elevational change (155, 170, 206, 244, 262). 

15 Another embodiment pertains to a disc head slider (110, 160, 196) 

having a slider body (132) that includes a bearing surface (140, 142), a 
cavity dam (144) and a sub-ambient pressure cavity (146, 162, 204, 216, 
232, 250), the sub-ambient pressure cavity (146, 162, 204, 216, 232, 250) 
having a cavity floor (135, 164, 198, 222, 234, 252) that includes at least 

20 three different depths (152), and wherein the cavity floor (135, 164, 198, 
222, 234, 252) comprises a plurality of substantially flat bottom surfaces 
(151, 153, 166, 168, 200, 202, 224, 226, 228, 230, 236, 238, 240, 242, 254, 256, 
258, 260) separated by at least one elevational change (155, 170, 206, 244, 
262). 

25 Another embodiment pertains to a disc head slider (110) having a 

slider body (132) that includes a bearing surface (140,142), a cavity dam 
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(144) and a sub-ambient pressure cavity (268). The sub-ambient pressure 
cavity (268) has a cavity floor (274), a longitudinal axis (158) and a 
plurality of sides (214). The sub-ambient pressure cavity (268) also has a 
depth (152) that progressively varies between a first point (271) on one of 

5 the sides (214) and a corresponding second point (273) on an opposing 
side (214). The cavity floor (274) has a tapered bottom surface (276) and 
a line of maximum slope (278) that is offset at an angle (280) from the 
longitudinal axis (158). 

Another embodiment pertains to a disc head slider (282, 290, 298) 

10 that includes a slider body (132) having a bearing-surface (140, 142), a 
cavity dam (144) and a sub-ambient pressure cavity (284, 292, 300). The 
sub-ambient pressure cavity (284, 292, 300) has a plurality of sides (148), 
a cavity floor (288, 296, 304) and a first depth (152). A protruding pattern 
(286, 294, 302) is disposed on the cavity floor and is disassociated from 

15 the plurality of sides (148). The protruding pattern has a second depth 
(152) that is less than the first depth (152). 

Another embodiment pertains to a disc head slider (282, 290, 298) 
having a slider body (132) that includes a bearing-surface (140, 142), a 
cavity dam (144) and a sub-ambient pressure cavity (284, 292, 300). The 

20 sub-ambient pressure cavity (284, 292, 300) has a plurality of sides (148), 
a cavity floor (288, 296, 304) and a first depth (152). A recessed pattern 
(286, 294, 302) is disposed on the cavity floor (288, 296, 304) and is 
disassociated from the plurality of sides (148). The recessed pattern (286, 
294, 302) has a bottom surface and a second depth (152). The second 

25 depth (152) is greater than the first depth (152) and sufficient to affect a 
pressure characteristic associated with the sub-ambient pressure cavity 
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(284, 292, 300) during operational motion of the disc head slider (282, 
290, 298). 

It is to be understood that even though numerous characteristics 
and advantages of various embodiments of the invention have been set 

5 forth in the foregoing description, together with details of the structure and 
function of various embodiments of the invention, this disclosure is 
illustratively only, and changes may be made in detail, especially in 
matters of structure and arrangement of parts within the principles of the 
present invention to the full extent indicated by the broad general meaning 

10 of the terms in which the appended claims are expressed. For example, the 
particular elements may vary depending on the particular application for 
the disc drive while maintaining substantially the same functionality 
without departing from the scope and spirit of the present invention. In 
addition, although the preferred embodiment described herein is 

15 directed to a disc head slider having a specialized cavity configuration, it 
will be appreciated by those skilled in the art that the teaching of the 
present invention can be applied to other types of sliders, such as a positive 
pressure slider having no cavity dam and sliders having different numbers 
of rails and rail shapes without departing from the scope and spirit of the 

20 present invention. Also, the present invention can be used with any type 
of ramp load-unload or contact start-stop suspension, such as rotary and 
linear suspensions, and the transducing head can be of any type such as 
magnetic, magneto-resistive, optical or magneto-optical, for example. 



